Lyme disease, the most common vector-borne illness in the United States, is caused by Borrelia burgdorferi and transmitted by the bite of the Ixodes sp. tick (the deer tick). The disease usually begins with erythema migrans, an expanding skin lesion at the site of the tick bite. Within several days or weeks, there is hematogenous dissemination of the spirochetes, and patients may present with dermatologic, neurological, cardiac, and rheumatologic involvement (7) . "Chronic Lyme disease" is a controversial term applied to a broad spectrum of patients, including individuals with Lyme disease and those with postLyme disease syndrome (PLDS), as well as patients with no evidence of current or past B. burgdorferi infection (5, 6) . PLDS is defined as the persistence or relapse of nonspecific symptoms (such as fatigue, musculoskeletal pain, and cognitive complaints) in patients who have had Lyme disease and have received an adequate course of antibiotic therapy.
It has been reported that patients diagnosed with chronic Lyme disease have a decreased number of natural killer cells, as defined by the CD57 marker, and that the changes in the number of CD57 ϩ cells can be monitored as evidence of response to therapy (8) (9) (10) . CD57 was initially used as a marker for NK cells, but it is not expressed by all NK cells and is also expressed by T-cell subpopulations. It is thought that CD57 is a marker of terminally differentiated cells (4) . Currently, the most common approach for identifying NK cells utilizes a combination of CD56 and CD16 surface markers used together with CD3 to exclude T cells expressing NK markers (NK T cells). The CD57 test is offered in some clinical laboratories and is being used by some health practitioners to evaluate and follow patients diagnosed with chronic Lyme disease. To further evaluate the utility of NK cell numbers in evaluating and/or monitoring this patient group, we performed immunophenotyping in 9 patients with PLDS, 12 individuals who recovered from Lyme disease, and 9 healthy volunteers.
Patients with PLDS had a past history of Lyme disease according to the Centers for Disease Control and Prevention clinical definition (1, 2), a prior positive serologic analysis confirmed by immunoglobulin G Western blotting (3), received at least one course of recommended antibiotic therapy (11), and had persistent or intermittent symptoms for at least 6 months after appropriate antibiotic therapy for Lyme disease. Common symptoms included widespread musculoskeletal pain and fatigue, memory and/or concentration impairment, and radicular pain, paresthesias, or dysesthesias. The onset of symptoms was coincident with or within 6 months of initial B. burgdorferi infection, symptoms were severe enough to interfere with daily life activities, and other causes were excluded. Individuals who recovered from Lyme disease also had a past history of Lyme disease according to the Centers for Disease Control and Prevention clinical definition and received recommended antibiotic therapy but had no complaints attributed to the disease. Controls included healthy volunteers from areas of endemicity (n ϭ 9) with no previous history compatible with Lyme disease and who were seronegative for B. burgdorferi. The study was approved by the National Institute of Allergy and Infectious Diseases Institutional Review Board, and all individuals signed informed consent forms.
Peripheral blood specimens were obtained by phlebotomy on site. Anticoagulated (EDTA) samples were stained using the whole-blood lysis method and analyzed concurrently on a dual-laser FACSCalibur (BD Biosciences) using CellQuest software (BD Biosciences). Directly conjugated mouse antihuman monoclonal antibodies against CD3, CD4, CD8, CD20, CD16, CD56, and CD57 were used. Irrelevant, directly conjugated, mouse anti-human monoclonal antibodies were used to define background staining. All monoclonal antibodies were obtained from BD Biosciences and Beckman Coulter and used as recommended by the manufacturers. Lymphocytes were identified by forward and side scatter, and the lymphocyte gate was confirmed using the CD45/CD14 LeucoGate reagent (BD Biosciences). To calculate the absolute numbers of each lymphocyte subset, the percentage of positive cells was multiplied by the absolute peripheral blood lymphocyte count obtained using an automated hematology instrument on the same blood sample. Results were compared by Kruskal-Wallis test or Mann-Whitney test. The Spearman rank correlation coefficient was used to calculate quantitative correlations. All P values were two sided and regarded as statistically significant if P was Ͻ0.05.
There were six women and three men in the PLDS group, six women and six men in the recovered group, and four women and five men in the healthy volunteer group. All participants were Caucasian. The median ages in the PLDS, recovered, and healthy volunteer groups were 52, 59, and 52 years, respectively. The initial presentation of the disease was a single erythema migrans lesion in two patients, a flu-like illness in one, multiple erythema migrans lesions in one, and neurological disease in five patients in the PLDS group. In the recovered group, three patients presented with a single erythema migrans lesion, four patients presented with multiple erythema migrans lesions, and five presented with neurological disease. The time that elapsed from the initial presentation of the disease to the date of lymphocyte phenotyping was longer in the PLDS group (mean, 84 months) than for the recovered group (mean, 50 months), but the difference did not reach statistical significance (P ϭ 0.095).
There was no significant difference between the three groups regarding the number of CD3 Ϫ CD57 ϩ (P ϭ 0.68) or CD16 ϩ or CD56 ϩ CD3 Ϫ cells (P ϭ 0.65) (Fig. 1) . There was also no difference between the groups regarding the numbers of CD3 
